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1.0.  INTRODUCTION 


This  final  report,  prepared  by  the  U.S.  Artsy  Tank -Automotive  Command 
{TACGM) ,  Engineering  Data  Directorate,  Technical  Data  Division, 

Packaging  Branch,  is  an  evaluation  of  TACOH's  polyurethane  foam 
pa«*  waging  capability  in  providing  Level  A,  water  vapor  protection  to  a 
major  aaaeably.  The  teat  included  an  assessment  of  the  MIL-STD-129, 
Level  A  Barking  requirements  applied  to  a  fiberboard  surface  and  exposed 
to  the  outdoor  environment. 

One  of  two  large -item,  total-encapsulation,  polyurethane  foaa  pack 
designs  used  at  TACGM  includes  a  top  which  consists  of  polyurethane 
along  with  a  wood  fraaa.  This  polyurethane  foaa  pack,  when  properly 
produced,  was  designed  to  not  allow  water  penetration.  However,  there 
have  been  sporadic  reports ,  ovar  the  past  10  years,  of  water  penetration 
taking  place  when  the  packs  are  stored  outside  exposed  to  the  elements. 
For  this  reason,  the  teat  deseribed  in  this  report  was  conduoted. 

The  polyurethane  foam  used  in  our  designs  conforms  to  MIL-F-83671, 

Clasa  I,  Category  II,  2  lbs/ou  ft  density,  with  tensile  strongth, 
moisture  vapor  permeability,  and  oil-rcaistant  properties  specified . 

This  specification  replaced  MIL-P-21929,  Class  1,  polyurethane  foam. 


2.0.  OBJECTIVE 

The  primary  objective  of  this  environmental  teat  was  to  evaluate  the 
ability  of  the  total-encapsulation  polyurethane  foaa  packaging  to  pro¬ 
vide  (Lerel  A)  protection  to  a  aajor  aaaeably  over  an  extended  outdoor 
storage  period  when  packaged  to  TACGM  requirements. 


3.0.  CONCLUSIONS 

The  i.  dditlon  of  a  plywood  top  and  a  change  in  the  design  of  the  top 
frame  improves  the  quality  of  the  polyurethane  foam  pack.  The  new 
design  provides  greater  strength,  improved  reliability,  and  reduces  the 
probability  of  water  penetration  to  the  item  if  the  polyurethane  foam 
barrier  ia  damaged. 

The  use  of  labels  on  the  fiberboard  is  unacceptable  because  the  labels 
do  not  adhere  to  the  fiberboard  for  any  extended  period  when  exposed'  to 
the  elements. 

The  total  encapsulation  polyurethane  foam  pack  meets  all  the  require¬ 
ments  for  Level  A  protection  needed  to  protect  TACGM  parts  Against  the 
moat  severe  worldwide  shipment,  handling,  and  storage  conditions. 
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4.0.  RECOMMENDATIONS 


All  polyurethane  foam-in-place  (FIP)  packaging  data  sheets  that  call  for 
the  wood  frame  top  with  foam  exposed  to  the  elements  should  be  updated 
to  Incorporate  a  plywood  top  cover  with  a  redesigned  frame. 

The  Arsy  Materiel  Commend  (AMC)  should  establish  a  new  method  of  protec¬ 
tion  for  inclusion  in  MIL-P-116,  polyurethane  foam,  total-encapsulation, 
technique  VII  of  MIL-F-45216. 

All  special  markings  shall  be  limited  to  stenciling,  printing,  or  silk 
screening  per  MIL-STD-129. 


5.0.  DISCUSSION 
5.1.  Background 

In  June  1983,  it  was  decided  to  conduct  an  extended  outdoor 
storage  test  of  one  metal  and  two  polyurethane  packs  containing  6V53 
engines  to  assess  TACCM’s  polyurethane  foam  packaging  capability  in  pro¬ 
viding  Level  A,  water  vapor  protection.  The  condition  of  these  engines 
over  the  period  of  the  teat  was  to  be  used  in  appraising  the  adequate¬ 
ness  of  the  polyurethane  FIP  pack  as  a  Level  A  pack. 

The  test  was  Initiated  because  over  the  last  10  years  we  have 
experienced  several  deficiency  reports  on  FIP  packs.  Our  extensive 
investigation  of  deficiencies  in  the  total-enoapsulation  polyurethane 
foam  pack  revealed  that  discrepancies  ware  caused  by  rare  occurrences 
such  as: 

e  Foam  Properties  not  meeting  specification  requirements 

-  No  low /high  temperature  stabilizers 

-  Low  compressive  strength 

-  Low  density 

-  Open  cell  content  greater  than  10  percent 

-  Poor  tensile  strength 

-  Friability 

e  Foam  Packaging  Workmanship  not  meeting  specification 
requirements 

-  Small  void  openings  (pockets)  on  the  top  of  the  pack 
where  water  eooumulates,  freezes,  melts,  etc.,  result 
in  expansion,  which  causes  the  foam  cells  to  crack 
and  oauaes  water  to  seep  down  into  the  pack. 

-  Poor  knit  lines  between  successive  pours  (with  occlu¬ 
sions,  cracks,  and  separations)  result  in  additional 
oraoka  and  causes  water  to  seep  into  the  pack. 

-  Small  (pin)  holes  in  the  top,  which  open  like  a  funnel 
down  to  the  item  in  the  pack,  also  result  in  water 
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seepage  into  the  pack.  These  pin  holes  are  normally 
caused  by  inadequate  filling  of  the  container,  or  an 
attempt  to  pour  too  ouch  foam  at  one  time. 

e  Handling  and  Storage 

-  Personnel  open  the  pack  for  inspection  and  then  try  to 
reseal  the  foam  pack  for  storage.  Resealing  a  pack  that 
has  been  opened  is  almost  never  successful  and  is  not 
considered  acceptable. 

-  Personnel  probe  the  foam  with  pencils,  pens,  knives, 
e  tc . 

-  Personnel  drive  a  forklift's  tines  into  the  side  of  the 
pack.  This  is  a  hazard  of  all  packs,  even  metal  oon- 
tainers. 

The  intent  of  our  test  program  was  to  assess  whether,  when  specification 
polyurethane  foam  is  used,  and  when  correct  procedures  are  followed  for 
the  packaging  of  supplies  using  the  FTP,  total -encapsulation  technique, 
the  preservation  and  packing  will  protect  the  items  encapsulated  against 
direct  exposure  to  extremes  of  climate,  terrain,  operational  transpor¬ 
tation  environments  without  protection  other  than  that  provided  by  the 
peok.  One  additional  purpose  of  the  test  was  to  determine  if  there 
would  be  any  benefits  to  be  derived  from  adding  a  protective  cover  to 
the  open  polyurethane  top  currently  in  use.  He  wanted  to  assess  the 
cost  benefit  of  increasing  the  protection  to  neutralize  some  of  the 
discrepancies  that  had  been  identified. 

The  study  began  with  the  selection  of  three  engines:  Marine  Engine, 
serial  no.  (S/N)  5121113,  Military  Ehgine,  S/H  5135029-30,  and 
Commercial  Engine,  S/H  5135029-114. 

Marine  engine  S/N  5121113  was  placed  in  a  re us cable  metal  container 
(controlled  breather).  Sec  Figures  5-1  through  5-3.  This  metal  con¬ 
tainer  was  need  as  a  control  and  the  humidity  indicator,  standard  in 
this  type  of  package,  was  monitored.  Two  other  6V53  engines,  commercial 
engine  S/H  5135029-14  (Figures  5-4  through  5-6)  and  military  engine  S/M 
5135029-20  (Figures  5-7  through  5-10),  were  packed  in  polyurethane  foam 
using  requirements  on  Packaging  Data  Sheet  PN  8738127  (see  Addendum). 

All  three  engines  are  condition  Code  F  materiel.  Ho  internal  preser¬ 
vation  was  provided.  The  rookar  arm  shaft  under  the  valve  covers  was 
cleaned  with  emery  cloth  end  wiped  with  a  clean  doth.  The  right  shaft 
was  coated  with  preservative  HIL-L-21260,  grade  PE10-1,  and  the  left 
side  was  coated  with  MIL-P-46002.  The  flywheels  were  cleaned  with  emery 
cloth  and  wiped  with  e  dean  cloth.  One-third  of  the  flywheel  area  was 
coated  with  preservative  MIL-L-21260,  grade  PE10-1,  one-third  was  coated 
with  preservative  MIL-P-46002,  and  the  remaining  third  was  left  unpre¬ 
served.  The  three  segments  were  separated  with  tape. 
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(b)  Opposite  End 


Figure  5-1.  Marine  Engine  5121113 
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(b)  Bottom 


Figure  5-3.  Views  of  Marine  Engine 
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(«}  Flywheel  End 


(b)  Opposite  End 


Figure  5-4.  Conwercial  Engine  5135029-14 
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Figure  5-5.  Commercial  Engine 
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(b)  Bottoa  VI  am 


|  Figure  5- 10.  Military  Engine 
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Efcgine  S/N  5135029-1^  w  peeked  on  5  Sop  83  and  was  covered  with  a 
place  of  3/8-inob  plywood,  grade  AC,  with  exterior  glue  in  accordance 
with  federal  specification  NN-P-530.  Plywood  was  nailed  to  the  1-  by 
4-inch  top  frame  with  40,  11 -inch  long,  bright,  flat-head,  smooth-shank, 
box  nails,  type  11,  sty's  4jl  of  FF-N-105. 

Engine  S/N  5135029-20  was  packed  the  following  day  and  the  bare  top 
polyurethane  foaa  was  partially  coated.  Approx iaately  one-fourth  of  the 
top  foaa  was  coated  with  a  one  -part-polyurethane  paint  con  forming  to 
military  specification  KIL-C-83286  (a  dark  grey  paint),  and  another  one- 
fourth  was  coated  with  a  two -part -polyurethane  paint  conforming  to  mili¬ 
tary  specification  HI L-C -81773  (a  light  grey  paint) .  The  remaining  half 
of  the  open  top  wea  left  exposed  to  the  elements. 

Two  standard  PIP  instruction  lsbels  were  glued  to  the  fiberboard  shells. 

A  stencil  of  the  Instructions  was  also  placed  on  the  shells.  Both  of 
the  PIP  standard  instruction  labels  and  one-half  the  stenciling  were  . 
coated  with  sodium  silicate  solution  (0-S-605) . 

5.2.  Testing  of  the  Labels 

A  spin-off  study  wes  also  conducted  on  our  marking  requirements  beoauae 
depots  were  complaining  that  all  the  reusability  and  opening  instruc¬ 
tion  labels  on  the  PIP  pecks  were  falling  off.  Ve  wanted  to  know  why. 

The  teat  consisted  of  two  standard  paper  labels  ousted  with  sodium 
silicate,  two  plastic  labels  and  two  ink  stsnoila  of  the  special  marking 
requirements —one  ooated  with  sodium  silicate  and  one  unposted. 

All  three  picks  were  plaoed  outside  et  TIC  CM  on  7  Sep  83.  One  week 
later,  the  packs*  labels  were  examined.  By  this  time,  cne.  pap)r  label 
wea  already  loom*.  The  sodium  silicate  costing  turned  ft  >  altar  to 
milky  white. 

On  21  3ep  83,  both  top  PIP  instruction  labels  were  gone,  one-half  of 
eaoh  of  tho  paper  labels  was  gone  and  the  plastic' labels  re re  coming 
loose  at  the  edges.  One  week  after  that,  one  PIP  lower  Instruction  label 
wai  one-quarter  off.  The  sodium  silioate  coating  was  oraokad  end 
flaking  off  of  ell  the  areas  where  it  was  applied.  It  appeared  that  the 
coating  waa  trapping  moisture  on  eaoh  label  and  at* noil,  causing  more 
deterioration  of  the  labele  and  the  stencils,  rather  then  protecting 
then. 

At  the  end  of  a  month  outside,  the  lower  PIP  instruction  lab*  had  blown 
off  and  both  paper  labels  were  three-quarters  loose.  The  plastic  labels 
were  three-quarters  loose  and  the  nails  were  pulling  loose  on  the 
plywood  top.  Both  fiberboard  sheila  had  started  to  bleach  from  the  sun 
exposure. 

On  9  Bov  83,  only  one  paper  lcbel  (one-fourth  adhered),  one  PIP 
instruction  label  (one -third  adhered),  and  one  plastio  label  remained. 

The  marking  requirements  that  were  stenciled  directly  to  the  fiberboard 
without  protective  coating  fared  the  best. 


20 


5.3.  Fabrication  of  Alts  mats  Tops 


In  Kay  84,  it  was  decided  to  fabricate  two  alternate  tops  and  frames  for 
the  FIP  peeks.  Rhe  previous  November ,  when  the  packs  were  checked,  the 
top  plywood  had  shown  weathering  and  warping.  The  painted  coatings  on 
the  foaa  appeared  to  have  provided  no  visible  improvement  over  the  bare 
foaa  (see  Figure  5-11).  The  humidity  indicator  on  the  metal  container 
had  stayed  blue,  whioh  meant  the  humidity  Inside  the  container  stayed 
below  40  percent.  Os  14  Dec  83 ,  the  three  packs  were  rotated  90°.  The 
fiberboard  continued  a  slow  bleaching.  The  plywood  top  continued  to 
warp  and  more  nails  pulled  loose  as  shown  in  Figure  5-12. j 

The  fabrication  of  the  two  alternate  tops  involved  foaming  two  new, 
smaller  packs,  38  inches  by  36  inches  by  6  inches.  One  had  a  2-  by 
4-inoh  nominal  frame,  and  the  other  had  a  2-  by  2-inoh  nominal  frame, 
with  boards  nailed  to  the  edges  of  the  top  of  the  frame.  This  type  of 
construction  left  a  large  open  area  in  the  middle  top  of  the  paok. 

During  the  pouring  of  the  polyurethane  into  the  box  it  was  obvious  that 
it  was  going  to  be  easier  to  fill  the  voids  under  the  2-  by  2-inch  nomi¬ 
nal  fraee ,  due  to  the  large  opening  in  the  oenter  of  the  paok  and  the 
smaller  area  covered  by  the  wood  in  the  corners. 

The  frames  consisted  of  two  boards,  35  3/4  inches  long,  and  two  boards, 

32  3/4  inches  long,  nailed  to  the  Inside  of  the  fiberboard  shell  as 
illustrated  in  Figure  5-13.  A  3/8-inch -thick  plywood  top  was  then 
nailed  to  the  frames,  on  one  paok  with  2 -inch -long  nails  from  an  automatio 
nailer,  and  on  the  Other  with  1  7/8-inoh,  6d,  chemical -etched  nails. 

Nails  were  in  e  staggered  pattern,  3  inches  apart  In  alternate  rows,  6 
inches  apart  in  each  row  on  one  paok;  6  inches  apart  and  staggered  oh 
the  other  paok.  Both  packs  were  put  outside  on  18  May  84. 

5.4,  Faok  Humidity  -Teat 

On  31  Hay  84,  piotures  were  taken  of  original  polyurethane  paoks  outside 
(Figure  5-14).  The  paok  with  the  plywood  on  top  ( containing  engine  S/N 
5135029-14)  was  brought  inside  to  see  if  by  drilling  a  hols  in  the  paok 
through  the  aide  we  could  read  the  teaperature  and  relative  humidity 
inside  the  paok.  The  results  were  a  complete  failure.  It  appeared  that 
the  lack  of  air  circulation  within  the  pack  prevented  any  type  of 
aocurate  readings  with  a  probe  that  want  5  inches  into  the  psok.  The 
pack  ues  than  opened,  examined,  and  the  engine  was  removed  and 
lnapeoted.  (Sea  Figures  5-15  through  5-18.) 

5.5.  Engine  Bspaok 

The  paok  containing  engine  S/N  5135029-14  was  re foamed  on  22  Aug  84 
without  any  represervation  of  the  engine,  because  there  was  no  corrosion 
visible  on  the  engine.  The  plywood  top  wee  secured  by  a  bond  whioh 
formed  between  the  polyurethane  foam  and  the  plywood.  No  nails  were 
used  to  secure  the  top.  It  was  impossible  fcc  tell  if  the  paok  was 
completely  filled  with  foaa.  The  pack  was  placed  outside  on  23  Aug  84. 


21 


(a)  Without  Top 


(b)  With  Top 


Figure  5-12.  Outdoor  Weathered  Packs 
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TOP  nun«r  >  r  NOMINAL  LLHMMR 


(a)  Inner  Frame 


(b)  Plywood  Nailed  to  Inner  Frame 


Figure  5-13.  Alternate  Plywood  Top  Design 
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(a)  Alternate  Top  Design 


V:'44l 
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During  th«  next  Months  Uvs  p&oks  ware  watched  closely  with  no  signifi¬ 
cant  problems  noted  other  than  the  plywood  top  of  the  peak  containing 
engine  S/SI  5135029-14,  which  was  slowly  pulling  fewey  fro*  the 
polyurethane  until  a  wind  store  in  Hay  85  blew  the  top  o/T,  the  pack 
was  brought  inside  and  inspected  for  external  damage.  It  was  noted  that 
there  were  no  visible  voids  in  the  polyurethane  on  the  top  and  the  same 
piece  of  plywood<w*s  put  back  on  the  pack  and  secured  in  place  with  two 
natal  bands  (sea  Figure  5-19)*  The  pack  was  placed  outside  the  sea* 
day.  ■  . 

In  Sap  85  the  packs  were  rotated  130°  and  it  was  noted  that  the  fiber- 
board  on  the  one  pack  that  bad  been  outside  for  2  years  (the  pack  con¬ 
taining  engine  S/I  5135029-20)  had  started  to  delaminate  in  one  place. 

5.6.  FIP  Feck  Evaluation 

Both  of  the  larger  PIP  polyurethane  foae  packs  were  moved  inside  on 
8  Apr  86  and  examined .  There  was  a  considerable  amount  of  delamination  of 
the  flberboerd  on  one  aids  of  the  oldest  pack  (see  Figure  5-20).  There 
was  also  a  puncture  in  the  aide  of  this  pack;  some thing  heavy  bad  been 
dropped  on  top  of  the  peek,  breaking  the  1-  by  4 -inch  top  frame  and 
orusbJU^i  sow  of  the  foam  (see  Figure  5-21  and  5-22).  The  cause  of  this 
damage  la  uncertain,  but  it  may  have  been  due  to  a  garbage  truck* 

The  other  peak,  which  contained  engine  S/H  5135029*14 ,  also  showed  signs 
of  weathering.  The  plywood  banded  on  top  was  warped  and  bed  acme  de lam¬ 
ination  of  the  veneers  at  the  edges.  Tbs  nails  that  held  the  riber- 
board  shall  to  the  baas  ware  looms  and  the  fiberboard  hgdjfuUsd  away 
from  Utm  baas  (nee  Figures  5«23  mod  5-24). 

These  two  packs  warm  opened  on  19  Apr  86  and  the  contents  were  examined 
for  rust,  oorroaion,  or  other  damage.  Mo  damage  or  corrosion  of  either 
engine  was  found.  Figures  5*25,  5-26  and  5-27  show  the  coaamroial 
angina,  S/M  5135029-14,  after  removal  from  the  pack.  (Thic  is  the  engine 
that  was  repacked  in  1984.)  Figure  5-28  shows  the  military  angina, 

S/N  5135029*20,  after  tuts  top  half  of  the  foam  pack  was  removed. 

Figure  5-29  shows  a  oloseup  top  of  the  engine,  showing  no  deterioration. 

At  this  time,  both  of  the  small  packs  with  the  two  variations  in  top 
frames  disappeared.  Both  packs  had  been  examined  the  previous  month, 

Mar  86,  with  nothing  to  report  outside  of  soma  bleaching  of  the  fiber- 
board  and  vary  minor  nail  popping. 

5.7.  Metal  Container  Control  Evaluation 


The  metal  container  was  also  opened  and  tbs  engine  waa  removed.  No 
oorrosii'Q  wea  visible. 
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(b)  Right  Bank 
Figure  5-26.  Conmercial  Engine  After  Test 
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(b)  PHYSICAL  STABILITY.  PACKAGE  MUST  BE  CAPABLE  OF  WITHSTANDING,  AND  BE  SUBJECTED 
TO  THE  TESTS  AND  VISUAL  INSPECTIONS  PRESCRIBED  ON  SHEETS  THRU  27  . 
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(*)  SKIDS  SHALL  BE  SECURED  TC  THE  DECKBOARD  BY  METHOD  (A)  OH  (B)  BELOV: 

(A)  HAILS,  PALLET,  10  GA.,  2-1/2  IN.  LG.#  STILE  IS,  TYPE  II,  SPECIFICATION 
FF-N-105*,  SHALL  BE  DRIVEN  THROUGH  DECK  BOARD  AND  INTO  SKIDS.  NAILS  TO  BE  ARRANGED  IN  WO 
ROWS,  STAGGERED  PATTERN  WITH  SPACING  BETWEEN  NAILS  IN  EACH  ROW  NOT  TO  EXCEED  6  INCHES. 
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REMOVE  OR  OBLITERATE  OBSOLETE  MARKING  AND  APPLY  APPROPRIATE  MARKING 


FOAM.  TEST  SHALL  BE  CONDUCTED  IN  THE  FOLLOWING  SEQUENCE?  EDGEWISE  DROP.  CCRNERWISE  DROP 
AND  INCLINE-IMPACT  TEST.  ( PENDULUM  IMPACT  TEST,  TEST  METHOD  5012  OF  FEDERAL  TEST  METHOD 
STANDARD  NO.  101  MAY  BE  SUBSTITUTED  FOR  THE  INCLINE-IMPACT  TEST.  PENDULUM  IMPACT;  5  INC 
NUMBER  CF  IMPACTS;  1  IMPACT  ON  EACH  END). 
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